Objective To establish iodine status among pregnant women in rural northern Viet Nam and explore psychosocial predictors of the use of iodized salt in their households.
Introduction
Iodine is an essential micronutrient and a constituent of the thyroid hormones thyroxine (T4) and triiodothyronine (T3). Iodine deficiency in pregnant women limits fetal brain growth and, when severe, can lead to cretinism and the pervasive intellectual, psychomotor and sensory disabilities and congenital anomalies that accompany it. 1, 2 Prenatal iodine deficiency can cause maternal goiter and hypothyroidism. Iodine deficiency disorders (IDDs) in pregnant women carry a risk of spontaneous abortion, stillbirth, perinatal death and stunted infant growth. Iodine requirements are higher during pregnancy because of greater maternal need for thyroid hormones, transfer of thyroid hormones and iodine from mother to fetus, and a probable increase in maternal renal iodine clearance. 1, [3] [4] [5] The International Council for the Control of Iodine Deficiency Disorders (ICCIDD) recommends universal salt iodization as the most effective strategy for eliminating IDD globally. In 1994 the prime minister of Viet Nam issued Decision 481, which urged the whole population to buy and use iodized salt. 6 In 1999, the Government's Decree 19 on the production and supply of iodized salt for human consumption stipulated that all salt for human consumption had to be iodized. been eliminated and promptly replaced Decree 19 with Decree 163, which removed the requirement that all salt for human consumption be iodized. 9 The NIDDC programme was terminated and the budget for IDD control activities was reallocated. 10 The World Health Organization (WHO), UNICEF and the ICCIDD have reiterated that strategies to sustain iodized salt use are essential to prevent the recurrence of IDDs in Viet Nam.
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In 2008, the National Survey of Iodine Deficiency Disorders reported a marked decline in household iodized salt coverage to 70% nationally and less than 30% in urban areas, including Hanoi and Ho Chi Minh cities. 10 Evidence of a drop in median UIC emerged. 10, 12 Currently, antenatal health promotion strategies recommend the use of iodized salt during pregnancy in Viet Nam. However, because iodized salt is no longer a subsidized commodity and it costs more than ordinary salt, its purchase is particularly burdensome for the poorest families. Recently "cooking powders," which contain salt (iodized or non-iodized), monosodium glutamate (MSG) and other seasonings, have become popular in everyday cooking as substitutes for traditional salt. In a previous study in this setting, we found that women suffering from common perinatal mental disorders or who were experiencing emotional abuse from family members in a multigenerational household were less likely to be taking recommended micronutrient supplements. 13 We speculated that these experiences could undermine autonomy in financial decisionmaking, including the decision to purchase iodized salt. However, the factors that govern the use of iodized salt among pregnant women living in Viet Nam's rural areas remain unknown.
The objectives of this study, which was conducted five years after the NIDDC programme was suspended in 2005, were to investigate iodine status among women in advanced pregnancy in rural northern Viet Nam by measuring UIC and to explore the psychosocial predictors of the use of iodized salt in their households.
Methods
This study was part of a prospective investigation of a cohort of women in rural northern
Viet Nam who were recruited and first assessed when they were less than 20 weeks pregnant and followed up, along with their infants, to determine the potential effects of 
Data sources
Psychosocial and biological data were collected from each participant. Study-specific structured interviews for each wave were developed based on our prior research and existing evidence. 15, 16 Most items were in fixed-choice format. Relevant aspects of reproductive health included gravidity, parity, history of spontaneous abortions and of fetal or neonatal deaths and general appraisal of antenatal health.
Food security (W1 and W2)
Household food security was measured by the Household Food Insecurity Access Scale, 19 which includes nine questions on the degree of anxiety and uncertainty about the household food supply, food quality and the sufficiency of food intake in the past four weeks.
Health care use (W1 and W2)
Participation in preventive health care was assessed by means of fixed-choice and openended questions about the consumption of iodized or non-iodized salt, cooking powder or iron supplements during the index pregnancy and the reasons behind their use or non-use.
Antenatal care was assessed in terms of the number and location of health checks and the health professionals who provided care.
Quality of family relationships (W1)
Many women in the study setting live in multi-generational households and the quality of a woman's intimate relationships with her partner, her own mother and her mother-in-law is a determinant of perinatal mental health and of access to financial resources. The presence or absence of intimate partner violence was assessed using the pregnancy section of the WHO Multicountry Study on Domestic Violence survey, 20 which assesses physical and sexual violence, emotional abuse and controlling behaviour.
Common mental disorders (W1)
Symptoms of the common mental disorders of depression and anxiety were assessed by the Edinburgh Postnatal Depression Scale -Viet Nam Validation (EPDS-V).
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The EPDS is a widely used 10-item screening tool for current symptoms. Each item is scored from 0 to 3 and all scores are added to yield a total from 0 to 30. We have validated the tool in the study setting and have established that a cut-off total score of 4/5 has optimal sensitivity and specificity for identifying clinically important symptoms. were used to classify iodine nutritional status as adequate (UIC 150 µg/l) or deficient (UIC < 150 µg/l). We did not apply the epidemiological criteria for assessing the severity of iodine deficiency provided in the guidelines because these have been calculated for the general population, not specifically for pregnant women, whose iodine requirements are higher than those of other adults. A participant was classified as a user of iodized salt if she reported using either conventional iodized salt or iodized cooking powder.
Multivariable linear and logistic regression analyses were conducted to ascertain the psychosocial correlates of iodine status and the psychosocial predictors of the use of iodized salt. Natural log transformation of UIC was used in those analyses because the UIC distribution was skewed. 
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Results
Sample
In total, 497/523 (97%) pregnant women agreed to participate in the study and 413
women (83%) provided data at W2. Of the women not providing data at W2, 47 had already given birth, 15 were absent when the data collection team visited the commune, 7
had a late miscarriage or stillbirth and 15 had withdrawn. Only data from the 413 women who were assessed at W1 and W2 were included in the analyses.
The sociodemographic characteristics of the sample are summarized in Table 1 .
The sample reflects the characteristics of the population of Ha Nam province in terms of education, occupation and proportion of parents who have at least a third child. In this study, the rates of common mental disorders among pregnant women; of exposure to intimate partner violence; of fear of other family members and of concern over household food insecurity are similar to the rates detected in our former research in this setting. 13 Food insecurity, poverty, violence and poor mental health status were inter-related: 56% of the participants in the lowest wealth quintile reported food insecurity compared with 16.3% of those in the highest quintile (P < 0.0001); mental disorders were more common in women in the lowest quintile than in those in the highest quintile, and they were also more common in those who had experienced intimate partner violence in the past 12 months (P < 0.001).
Urinary iodine concentration
A right-skewed distribution of UIC was observed (Fig. 1 ). Most participants (82.6%) had a UIC lower than WHO's recommended level for adequate iodization (150 µg/l) and the median UIC was 70 µg/l (95% confidence interval, CI: 61-76), or approximately half of the recommended level ( Table 2) .
Correlates of urinary iodine concentration
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No variables were associated with UIC in multiple linear regression analysis of the log transfer of UIC or in multivariable logistic regression analysis of iodine deficiency.
Prevalence and predictors of iodized salt use
In total, 73.6% (95% CI: 69.3-77.9) of participants reported the use of some form of iodized salt in their households. Equal numbers of households were using traditional iodized salt and iodized cooking powders and one fourth of the pregnant women surveyed were not using either product (Table 3 ).
In multivariable logistic regression only parity, educational and occupational status and the presence of a common mental disorder in early pregnancy were associated with the use of iodized salt in advanced pregnancy (Table 4 ). With level of education and mental health status being equal, women farmers and housewives were more likely to be using iodized salt in cooking than women in non-agricultural occupations.
Women cited several reasons for not using iodized salt in response to open-ended questions. One was that they were familiar with a non-iodized product and saw no reason to change. Another was that they preferred using newly available herbal seasonings that were being promoted locally and contained no salt. A third reason given was that iodized salt made food taste bitter. In addition, many people in rural areas felt that food is "smoother" when prepared with cooking powder or MSG than when prepared with salt.
A fourth reason was that iodized salt was not locally available for purchase. Finally, many women reported not using iodized salt because they did not know that it was important or necessary to use it during pregnancy.
Discussion
The findings indicate that iodine deficiency has recurred in Viet Nam since the NIDDC programme was suspended and this trend is of particular concern among pregnant women in both urban and rural areas, who are all at high risk of acquiring an IDD. They also suggest that psychosocial factors influence the use of iodised salt.
This study has considerable strengths: (i) it used a systematically recruited, large and representative cohort of women who were prospectively followed; and (ii) biological and psychosocial data were collected to investigate the prevalence and predictors of UIC Because many women in this study had sub-optimal UIC and relatively few had adequate iodine levels, the failure to find correlates of low UIC is not surprising. What is surprising is the lack of an association between self-reported iodized salt use and UIC, which has been reported elsewhere, 25, 26 but this probably reflects the fact that we did not ascertain iodized salt use in enough detail to characterize its frequency or volume. It is also possible, however, that the almost universal presence of iodine deficiency in the representative group of pregnant women included in this study is due to the fact that the uptake of recommendations surrounding the use of iodized salt is not enough to achieve adequate UICs. In addition, the available household salt products may not contain enough iodine to meet the heightened iodine needs of pregnant women. One final possibility is that in Viet Nam salt is used mainly for cooking rather than for seasoning prepared foods.
Because food in Viet Nam is often cooked over an open flame at very high temperatures, which are known to reduce iodine levels by up to 70% 27 it may be that not enough iodine is available in food despite the use of iodized salt.
According to WHO and ICCIDD, 90% of households need to use iodized salt for
IDDs to be eliminated. 24 The proportion who reported using any type of iodized salt product was much lower in our study (73.6%), and this is particularly worrisome because were investigated pregnant women, who have heightened iodine requirements. Use rates in our study were similar to the rates reported in other recent studies in the country.
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2005 93% of the population of Viet Nam used iodized salt. 8 Our findings confirm that iodized salt use in Viet Nam has decreased over the last five years.
Use of iodized salt was found to be lowest in the least educated women and those who were unskilled workers, which suggests that health promotion strategies are not reaching the less literate women. It also suggests that the cost of purchasing iodized salt, no longer subsidized and more expensive, may be deterring use. We were surprised to find that relatively affluent women who were government and company employees were also less likely to be using iodized salt. They used iodized salt at levels similar to those reported by Tran et al. 12 in urban areas. Such women may be using the new herbal cooking powders that are actively promoted in Ha Nam as fashionable and healthy instead of using salt. These data confirm our earlier observations that in this resource- The authors thank the Ha Nam Provincial Health Department for allowing the study to be undertaken in the province, generously allowing data collection in commune health stations and enabling the recruitment of participants; the research staff at the Research and Training Centre for Community Development in Hanoi for their professionalism in data collection and management; and the National Hospital of Endocrinology in Hanoi for assisting with this research.
Funding:
The study was funded by Australian Research Council Discovery Project Grant DP0986594. Kernel density estimate
